Immunization of New Zealand White rabbits with purified visna virus elicited antibody activity demonstrated by passive hemagglutination (PHA), complement fixation (CF), and indirect immunofluorescent tests. The antibody activities of hyperimmune sera and Sephadex G-200 fractions of the sera were studied. It was found that the PHA test was 10 to 100 times more sensitive than the CF test in detecting visna antibodies in rabbits. It was also found that the immunoglobulin M fractions from Sephadex G-200 filtration displayed greater PHA activity than did the immunoglobulin G fractions. Although neutralizing antibody was demonstrated in the serum of the natural host (sheep), our attempts to demonstrate neutralizing antibody in the sera from hyperimmunized rabbits (non-natural host) so far have failed.
Immunization of New Zealand White rabbits with purified visna virus elicited antibody activity demonstrated by passive hemagglutination (PHA), complement fixation (CF), and indirect immunofluorescent tests. The antibody activities of hyperimmune sera and Sephadex G-200 fractions of the sera were studied. It was found that the PHA test was 10 to 100 times more sensitive than the CF test in detecting visna antibodies in rabbits. It was also found that the immunoglobulin M fractions from Sephadex G-200 filtration displayed greater PHA activity than did the immunoglobulin G fractions. Although neutralizing antibody was demonstrated in the serum of the natural host (sheep), our attempts to demonstrate neutralizing antibody in the sera from hyperimmunized rabbits (non-natural host) so far have failed.
In its natural host, the sheep, visna virus causes the formation of neutralizing (9) and complement-fixing antibodies (1) and of antibodies detectable by fluorescein labeling (2, 11) . On the other hand, there have been no reports of successful hyperimmunization of other animal species with visna virus. In fact, several attempts to inoculate small laboratory animals with the virus have given negative results, since proliferation of virus or antibody response could not be detected (H. Thormar, unpublished data) .
In the present study, rabbits were hyperimmunized with visna virus by using repeated in (Tables 1  and 2 ). The virus-cell mixture was incubated for 10 min at room temperature. After incubation, the cells were washed three times and suspended in 1 % normal rabbit serum in pH 6.4 PBS. Serum dilutions were made in twofold steps in 0.5-ml volumes, and 0.05 ml of the 2.5% sensitized sheep RBC prepared as described above was added to each tube. HA patterns were read after 3 hr of incubation at room temperature.
CF test. CF tests were carried out by the microtiter technique described by Sever (7) . All dilutions were made with Veronal-buffered saline, pH 7.2, containing 1 ml of 10% magnesium sulfate per liter. The following components were mixed and placed at 4 C overnight: 0.025 ml of viral antigen, 0.025 ml of serum, and 0.05 ml (2 full units) of complement. After incubation, 0.05 ml of sensitized sheep RBC was added, and the mixture was incubated at 37 C for 30 min. CF titers were determined under conditions whereby no anticomplementary activity could be detected.
Immunofluorescence test. The indirect staining method was used throughout. Visna-infected cell monolayers on cover slips were washed three times with PBS, air dried, and fixed in cold acetone for 10 min. The cover slips were then covered with rabbit immune sera or with visna sheep serum and incubated in a moist chamber at room temperature for 60 min. After thorough washing with PBS, the monolayers were stained for 30 min at room temperature with a For titration of antibody activities by immunofluorescent staining, infected cell monolayers were first incubated with serial twofold dilutions of the visna immune sera and then stained with the fluoresceinlabeled anti-rabbit or anti-sheep globulins. The immunofluorescence titer of the sera is the highest dilution which showed specific staining with fluorescein-labeled globulins. All sera used in the immunofluorescence tests were absorbed with sheep brain powder.
Neutralization test. The test was carried out as previously described (12) . Serial twofold dilutions of the sera were mixed with an equal volume of a virus dilution containing approximately 200 TCID50 per 0.1 ml. The mixtures were incubated at room temperature overnight and were then inoculated in 0.1 -ml amounts into tissue culture tubes. The tubes were incubated for 14 days before final reading. The neutralizing titer is the highest dilution of serum which showed complete neutralization of virus in 50% of the inoculated tubes.
Sephadex G-200 chromatography. Hyperimmune rabbit sera and the visna sheep serum were fractionated on Sephadex G-200 (Pharmacia, Uppsala, Sweden) in 0.02 M phosphate buffer, pH 7.3, at room temperature. Fractions were collected with an automatic device and were assayed for protein content by electrophotometry at 280 nm. Antibody activities of the fractions were determined by the various serological tests.
RESULTS
Hyperimmunization with purified virus. To determine if hyperimmunization with purified visna virus would result in an antibody response, five rabbits were immunized by the method previously described, and their sera were assayed for antibody activities by PHA and CF tests. In the tests, three types of control sera were used: serum from rabbits immunized with bovine serum albumin, serum from rabbits immunized with sheep choroid plexus cells, and normal serum obtained from uninoculated rabbits. Table 1 summarizes the results of these tests carried out for each of the various rabbit sera. The hyperimmune sera were all strongly positive in the PHA and CF tests against visna virus, although the CF antibody titers were considerably lower than the PHA titers. None of the control and normal rabbit sera reacted with the virus antigen, and no reactions were observed between control antigen (choroid plexus cells) and positive hyperimmunized rabbit sera.
Antibody activity detectable by immunofluorescence. Two of the rabbit hyperimmune sera, AVS-09 and AVS-10, were tested for immunofluorescent activity against visna antigen in monolayers of sheep choroid plexus cells showing cytopathic effect of visna virus. A specific, yellowgreen cytoplasmic fluorescence was observed in the visna-infected cells (Fig. 1) peaks of the fractionated sera. The second peak will hereafter be referred to as the immunoglobulin G (IgG) fraction, although it probably contains a mixture of IgG and IgA. The IgM fraction gave a higher titer than the IgG fraction.
Fractions containing the IgM and IgG gamma globulins, respectively, were pooled, concentrated by means of pervaporation, and tested for CF activities. Figure 3 shows the CF titers of the pooled fractions. In contrast to the finding for the HA activity, the CF activity was found in the pooled IgG fractions; whereas no CF activity was observed against visna antigen in the IgM fractions.
The A serum from a normal sheep served as a control.
In contrast to the immune rabbit sera, the visna sheep serum showed a high neutralizing activity against visna virus. It also showed a higher immunofluorescent activity than the rabbit sera. On the other hand, the CF activity and particularly the PHA activity were much lower in the visna sheep serum than in the immune rabbit sera (Table 2) .
Pooleu and concentrated IgM and IgG fractions from the visna sheep serum were titrated in PHA, CF, and neutralization tests against visna virus. The results of the PHA test were similar to those obtained with rabbit immune globulin fractions, except that the HA activity was higher in the IgG than in the IgM fraction (Fig. 4) . As in the rabbit sera, the CF activity and most of the immunofluorescent activity were found in the IgG fraction. Most of the neutralizing activity was recovered in the pooled IgG fraction.
DISCUSSION
In the present study it has been shown for the first time that antibodies against visna virus can be formed in a nonnatural host, namely the rabbit. A specific antibody formation was demonstrated by CF and immunofluorescent tests, which have previously been used in studies of antibody formation in sheep (1, 11) . Furthermore, very high antibody titers against visna virus antigen were demonstrated by means of the PHA test, which has not previously been applied to visna antisera. The PHA test is a highly sensitive serological procedure for measuring antibodies to protein antigens (3, 8) . It is a very effective assay method for detecting the presence of visna virus antibodies in rabbits, since titers ranging from 1:320 to 1:20,480 (10 to 100 times greater than titers obtained in the CF test) were obtained in the PHA test. It was found that crude visna virus preparations produced nonspecific PHA reactions. Therefore, to ascertain the specificity of the antigen-antibody reactions, only purified, concentrated virus was used in the present experiments.
It is noteworthy that despite the significant antibody titers obtained by the CF, immunofluorescent, and particularly the PiIA tests, no neutralizing activity against visna 
